Two workmen had been using a toluene-containing glue in an enclosed area and were found unconscious. On admission to hospital, one required mechanical ventilation. Both recovered and were discharged 2 days later. Blood toluene was measured by headspace gas chromatography (25 m x O' 32 mm internal diameter CP-SIL-8 CB capillary column, 5 Jlm film) with electron impact mass spectrometric detection (single ion monitoring, m/z 91) using calibration solutions prepared in toluene-free plasma. Sample or standard (250 JlL) was added to deionized water (750 JlL) and incubated (65°C, 10min) in a sealed IOmL headspace vial. Admission plasma toluene concentrations were 6·6 and 3·3 mg/L, respectively (1 mg/L = 1ppm = 10·9Jlmol/L). Serum toluene concentrations at 48h were 11·2 and 19·2mg/L, respectively.
DISCUSSION
The plasma toluene concentrations (admission sample) were above the current American Correspondence: Dr R J Flanagan.
(1 mg/L) and German (1'7mg/L) biological indices for occupational toluene exposure (whole blood, end-of-shiftj.' Continued toluene exposure in hospital being unlikely, enquiries revealed that the 48 h samples had been collected into Sarstedt Monovette serum gel tubes. The serum had been separated before being sent for analysis. Sarstedt UK kindly supplied tubes manufactured using current procedures for evaluation. These were tested by adding volatile-free haemolysed citrated expired blood-bank whole blood and incubating for up to 101 h at room temperature.' Blood volatiles were measured by headspace gas chromatography with flame-ionization detection." Contamination occurred in each tube. Mean whole blood toluene, l-butanol, ethylbenzene, m/p-xylene (measured as m-xylene) and o-xylene concentrations increased with time and ranged up to 19,9'9,1'5, 0·7 and 0'4mg/L, respectively ( Dyne, Cocker, Streete and Flanagan concentrations 23, 10'5, 2'0, 0·9 and 0·5mg/L, respectively). Toluene is widely used in industry and is also present in some household products. Sarstedt do not recommend use of Monovette serum gel tubes if analysis for toluene or for other volatiles is envisaged. However, it is not always possible to predict the circumstances in which such an analysis may be required. Transfer to a secondary container may also occur. Analytical toxicologists and others should be aware that gross contamination with toluene is likely if a Monovette serum gel tube is used for sample collection. Contamination with the other analytes detected is less likely to cause serious confusion. l-Butanol (and/or 2-methyl-2-propanol) commonly occur in tubes containing sodium ethylenediamine tetra-acetate (EDTA) [for example those supplied by LIP (Equipment and Services) Ltd, Shipley, UK], whilst the occurrence of ethylbenzene, m/p-xylene and o-xylene together should also arouse suspicion.' Vacutainer SST gel and clot activator, 6 mL (plastic stopper) and 10 mL (rubber stopper) (both Becton Dickinson) tubes and Sarstedt Monovette serum tubes ZIO (lOmL) gave no interference on the gas chromatography volatiles assay when tested in the manner described above.' A Sarstedt valve filter (Cat. No. 53.420) may be used with the latter tube to form a physical barrier between the blood cells and serum to facilitate sample transport and storage, but we have not tested this latter device for volatiles.
RECOMMENDATIONS
Whole blood is the best sample for analysis of solvents and other volatile substances since many such compounds are concentrated in erythrocytes.' An anticoagulant (lithium heparin or EDTA) should be used. The container should be glass or hard plastic, preferably with a cap lined with metal foil. The tube should be as full as possible and should only be opened when required for analysis and then only when cold (4 0 C) . 6 If sample volume is limited it is advisable to select the container to match the volume of blood so that there is minimal headspace. Tubes Ann Clin Biochem 1996: 33 containing gel separators or with soft rubber stoppers should be avoided since volatiles may be lost by absorption. Specimen storage between -5 and 4°C is recommended and, in the case of ethanol and esters such as ethyl and methyl acetates, 1% (w/v) sodium fluoride should be added to minimize enzyme activity. Any products sent for analysis should be packed, transported and stored entirely separately from biological specimens to avoid cross-contamination. In the investigation of fatal poisoning, analysis of tissues (especially fatty tissues such as brain) may prove useful. Tissues should be stored before analysis in the same way as blood. Analysis of urine is only useful if water-soluble metabolites such as hippuric acid (from toluene) or trichloroacetic acid (from trichloroethylene) may be present.
